Hogben et al. (1959) have proposed the existence of a region at pH 5 on the surface of the intestine when the bathing medium has neutral pH, to explain discrepancies in transfer rates of weak electrolytes as predicted by the theory of non-ionic diffusion. The present experiments demonstrate for the first time the existence of such a layer by direct physical means. pH-sensitive microelectrodes were made with Corning 015 glass constructed in the form of McInnes-Dole 'surface' electrodes. Sensitive glass was made into thin, slightly concave membranes of 30pm depth and sealed on to inert glass capillary tubes (outer diam. Zmm, inner diam. 1.5mm). Such electrodes were filled with 0.1 M-HCl and connected via 1.5mm chloride-treated silver wire to a Keithley 605C electrometer of sufficiently high input impedance. The circuit was completed by a 3~-KCl/agar salt bridge via a calomel half-cell to the electrometer. The electrodes, which had a tip resistance of 1 . 4 f 0 . 3 4~1 0~~~, gave a linear response over the pH range 4-9 of 96% of the ideal Nernstian response (approximately 59.5mV/pH unit) and gave 95 % of their response within the first 30s.
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Rat gut was removed, during ether anaesthesia, from unstarved male rats (200-25Og). The excised jejunum was everted (Wiseman, 1961) before mounting on a plastic cannula consisting of two 3cm-long pieces (external diam. 2.5mm, internal diam. 1.5mm) perforated with 20 0.5mm holes. Everted sacs had a transmural potential difference 5.9f0.6 (mean+s.E.M.), five observations/mV and gave a final serosal/mucosal glucose concentration ratio of 1.66f0.23 (6), indicating active glucose transport and therefore viable preparations.
pH-microelectrodes, mounted on a Leitz micromanipulator, were brought into incubation flasks containing 5cm-long cannulated everted sacs, bathed in 30ml of KrebsHenseleit (1932) bicarbonate buffer at 37"C, gassed with 02+COz (95: 5). Later experiments involved flat strips of intestine of 1 cm2 area, pinned with dissecting pins on to the cork floor of small containers holding 5ml of buffer. Both types of preparations gave similar results. The flat-strip technique was adopted for human biopsy samples, which were incubated in Krebs-phosphate buffer gassed with O2 (100%). Change of buffer had no effect on the results. Before the experiment, the electrodes were calibrated in pH 4, 7 and 9 buffers, and the mounted microelectrode was introduced into the bathing medium. After the pH of the bathing medium was measured, the electrode was racked down by eye on to the surface of the tissue and the pH recorded after 1 min. This was recorded as the 'micro-climate p H and repeated at the end of 60min incubation. Human biopsy samples required 5min to reach stable values. Fig. 1 shows the results obtained from samples down the length of the rat gut after division of the entire length into five consecutive regions. There is a striking difference (PiO.001) in pH seen between the pH of the medium of 7.29 and all regions of the intestine in the presence and absence of 10mM-glucose. In the absence of glucose, recorded micro-climate pH values were slightly acid at pH6.6. A consistent small 
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difference existed between sac I1 (proximal jejunum) and sacs 111 and IV, indicating the existence of a glucose-independent mechanism for the micro-climate production which is more prevalent in the mid-region of the intestine. In the presence of glucose, microclimate pH ranged from 5.7 in the duodenum declining distally to 6.6, and indicated a glucose-dependent mechanism prevalent in the upper intestine.
The difference between microclimate pH in the presence and absence of glucose declines distally until it is insignificant in the terminal ileum. Over a 60min incubation period, micro-climate pH values remained stable but became less acid in the absence of glucose. Since micro-climate pH is inhibited both by 10rnM-aminophyhe and by 1OmM-mucosal ouabain, this would seem to indicate a metabolic requirement for the maintenance of micro-climate pH.
The existence of this acid layer on the surface of the intestine was also demonstrated in human gut (Fig. 2) . With freshly obtained biopsy samples pinned flat in phosphate buffer, values of pH 5.9 were obtained, which remained stable in the presence of glucose. Micro-climate pH in patients with coeliac disease (classified as coeliacs from the histological appearance of flat biopsies withstunted villi) was significantly less acid at the onset of incubation with a fall to more acid values (pH6.4) at a m i n , although still less acid than the controls (P<O.Ol). In a Crohn's-disease group, microclimate pH was less acid (pH6.4, P<O.Ol) than normal, although falling to normal values over the incubation period. A group of patients with diarrhoea of uncertain aetiology but with histologically normal mucosae were indistinguishable from normal controls, and their micro-climate pH values were similarly stable over the incubation period. In both the coeliac and the Crohn's-disease group, the fall over the incubation period was significant (P<O.O5).
These results clearly demonstrate the existence of an acid pH microclimate at the surface of the intestine, as originally proposed by Hogben et al. (1959) , both in the rat and in the human. Failure to maintain this acid micro-climate has been cited as a contributing factor to folate malabsorption in adult coeliac disease (Benn et af., 1971) . A more neutral pH would mean that more folk acid was in the charged form and would not cross membranes as well as the uncharged species. The fact that the micro-climate pH is less acid in adult coeliac disease adds more experimental evidence to this hypothesis. It is also noteworthy that in both groups there is a fall to more acid pH values, indicating the possible existence of a systemic factor which is gradually washed out of the biopsies during incubation.
